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Abstract: We investigated deep levels in n-type 4H-SiC epitaxy layer of the Schottky barrier diodes (SBD) and Junction Barrier
Schottky (JBS) diodes by using deep level transient spectroscopy (DLTS). The I-V characteristics of the JBS devices show ~100
times lower leakage current level than SBDs owing to the grid structures in JBS. The reliable responses of the diodes for deep

level transient analysis showed from C-V characteristics. Several deep electron traps were revealed by DLTS measurements in

epitaxial layers in 4H-SiC. In both types of diodes, the peaks corresponding to shallow energy levels were observed with slightly
different values of 0.132 eV for JBS and 0.186 eV for SBDs. The two remarkable deep level peaks (J2 and J3) have been obtained
with 0.257 eV and 0.273 eV in JBS, and they were analyzed to have a similar trap concentration of ~10'*¢cm=. The comparison

results showed that the defects could be related with device fabrication procedures such as ion-implantation and growth.
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Table 1. Structure parameter of SBD and JBS diodes.

Inter-cell width P*-well width

Contact area

Diode type (um) (um) (mm?)
Schottky - - 19
JBS 4 3 19

(@)

(b) e

-

n-type epilaye
type epilayer n-type epilayer

Fig. 1. Structure of the 4H-SiC (a) SBD and (b) JBS diodes.
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Fig. 2. I-V characteristics of the SBD and JBS diodes.
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Fig. 3. (a) Typical capacitance-voltage characteristics and (b) 1/C2-V
plot of the SBD and JBS diodes.
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Fig. 4. DLTS spectra of the SBD and JBS diodes.
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Fig. 5. Detailed DLTS spectra of the SBD and JBS diodes for each
temperature section where peaks appear (a) 100~160 K and (b)
200~350 K.
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Fig. 6. Arrhenius plot with energy level of each peaks.
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Fig. 7. (a) Capture cross section versus trap energy of each peaks
and (b) trap concentration versus trap energy of each peaks.
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Table 2. Energy position and capture cross section of each peaks in SBD and JBS diodes. In the last two columns, a possible attribution of
traps have been made by comparing the parameters of well-known deep-level defects in 4H-SiC.

Trap Sample E: Capture cro_szs section Nt_3 Deep level Poissib'le
(eV) (cm™) (cm™) attribution
Si SBD 0.186 1.0X10°"7 1.5X10™ Ti (h) 1215 Impurity defect
Z112,58D SBD 0.677 8.6X10°1 5.1x10% Z1/2 1812161 Intrinsic defect
I IBS 0.132 1.5X10°'8 1.2X10 Ti (c) U113 Impurity defect
I JBS 0.257 3.1x10°" 2.8X10™ - Impurity defect
I3 IBS 0.273 3.8%X10°1¢ 4.3%X10™ - Impurity defect
O] Ne& 71711 0.677 eV & ol HAlsH= zAlel 2

=710 2 4H-SiC
A7 el A B3 Bl 25T AU A8 Y 2
Qltt [8,12-16]. ® 2= 1 6, 70|49 DLTSZ &A%
well-known defectSof tjjsf Q9Fst
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M
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&= Si3t ] trape JALSH energy leveli} ~10
9] trap concentrationS 71X = & 2 4 T} E£3H],
9} J39] trap2 SBDO|A] AL A] A= trapQ & o] 3
o B0l 93 A VUL 4 Aok WIY AYEL
£5], % o] 9.20] P-well §of AJo|of wfa} WA}
Aol disi #EE 4 AJN 7 BLY energy
position¥ concentrationof] s &<l

stoict.

ORCID

Sang-Mo Koo https://orcid.org/0000-0002-9827-9219

2 odge

20003540) 9 20219 Fofsty 249
Aol o3 APH ANYL U3

A4 (P0012451,
AL A A}

REFERENCES

[1] B. J. Baliga, J Appl. Phys., 53,
https://doi.org/10.1063/1.331646]

[2] J.Yang, S. Ahn, F. Ren, S. J. Pearton, S. Jang, and A. Kuramata,
IEEE Electron Device Lett., 38, 906 (2017). [DOI: https://
doi.org/10.1109/LED.2017.2703609]

[3] K.M. Geib, C. Wilson, R. G. Long, and C. W. Wilmsen, J. Appl.
Phys., 68,2796 (1990). [DOI: https://doi.org/10.1063/1.346457]

[4] C. Zhang, S. Srdic, S. Lukic, Y. Kang, E. Choi, and E. Tafti,
Proc. 2018 IEEE Energy Conversion Congress and Exposition
(ECCE) (IEEE, Portland, USA, 2018) p. 3880. [DOI: https://
doi.org/10.1109/ECCE.2018.8558373]

[5] Y.J.Lee,S. Cho,J. H. Seo, S.J. Min, J. . An, J. M. Oh, S. M.
Koo, and D. Lee, J. Korean Inst. Electr. Electron. Mater. Eng.,
31, 367 (2018). [DOI: https://doi.org/10.4313/JKEM.2018.31.
6.367]

[6] Y.Pan,L.Tian, H. Wu, Y. Li, and F. Yang, Microelectron. Eng.,
181, 10 (2017). [DOI: https://doi.org/10.1016/j.mee.2017.05.
054]

[71 W.Y.Son, M. C. Shin, M. Schweitz, S. K. Lee, and S. M. Koo,
J. Nanoelectron. Optoelectron., 15, 777 (2020). [DOI: https://
doi.org/10.1166/jn0.2020.2818]

[8] S. Sasaki, K. Kawahara, G. Feng, G. Alfieri, and T. Kimoto, J.
Appl. Phys., 109, 013705 (2011). [DOI: https://doi.org/10.1063/
1.3528124]

[9] K. Kawahara, G. Alfieri, and T. Kimoto, J. Appl. Phys., 106,
013719 (2009). [DOI: https://doi.org/10.1063/1.3159901]

[10] S.J. Min, M. C. Shin, N. T. Nguyen, J. M. Oh, and S. M. Koo,

1759 (1982). [DOI:



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 3, pp. 214-219, May 2021: Byun et al.

Materials, 13, 445 (2020). [DOI: https://doi.org/10.3390/
mal3020445]

[11] Y.D. Tang, X. Y. Liu, Z. D. Zhou, Y. Bai, and C. Z. Li, Chinese
Phys. B, 28, 106101 (2019). [DOI: https://doi.org/10.1088/
1674-1056/ab3cc2]

[12] T. Dalibor, G. Pensl, N. Nordell, and A. Schéner, Phys. Rev. B,
55, 13618 (1997). [DOI: https://doi.org/10.1103/PhysRevB.55.
13618]

[13] T. Dalibor, G. Pensl, H. Matsunami, T. Kimoto, W. J. Choyke,
A. Schoner, and N. Nordell, Phys. Status Solidi A, 162, 199

219

(1997). [DOL: https://doi.org/10.1002/1521-396X(199707)162:
1<199: AID-PSSA199>3.0.CO;2-0]

[14] L. Gelczuk, M. Dabrowska-Szata, M. Sochacki, and J. Szmidt,
Solid-State Electron., 94, 56 (2014). [DOI: https://doi.org/10.
1016/j.sse.2014.02.008]

[15] F. Fabbri, D. Natalini, A. Cavallini, T. Sekiguchi, R. Nipoti, and
F. Moscatelli, Superlattices Microstruct., 45, 383 (2009). [DOI:
https://doi.org/10.1016/j.spmi.2008.10.024]

[16] B. Zippelius, J. Suda, and T. Kimoto, J. Appl. Phys., 111,
033515 (2012). [DOI: https://doi.org/10.1063/1.3681806]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


